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ZLWKLQ LQGXVWU\ ULVHV WKH QHHGV IRU FRRUGLQDWLQJ YDULRXV
GLVFLSOLQHV ZLWKLQ DQ RUJDQL]DWLRQ VKDULQJ LQIRUPDWLRQ












GLJLWDOPRGHOV DQG WR UHDFK DPXWXDO XQGHUVWDQGLQJ EHWZHHQ
VWDNHKROGHUV
:H DV KXPDQ EHLQJV KDYH WKH DELOLW\ WR UHPHPEHU SDVW
ZRUOGV DQG LPDJLQH PDQ\ SRVVLEOH IXWXUH ZRUOGV +RZHYHU
KRZZHLPDJHWKHIXWXUHGHSHQGVRQSUHYLRXVH[SHULHQFHDQG
SUHNQRZOHGJH >@ ,Q DGGLWLRQ DQ\ RQH SHUVRQ FDQQRW
RYHUYLHZ DQGPDQDJH DOO DVSHFWV RI FXUUHQW SDVW DQG IXWXUH
ZRUOGV )RU HDFK WDVN DW KDQG ZH VHOHFW DQG GHVFULEH WKH
SHUVSHFWLYH WKDW VHHPV LPSRUWDQW VSOLWWLQJ WKH ZRUOG XS LQ
SRUWLRQV$QGWKXVZHGRQWKDYHDXQLILHGYLHZRIHYHU\WKLQJ
EXWDVHWRIGLIIHUHQWSHUVSHFWLYHVDQGVRPHWLPHVFRQWUDGLFWRU\
PHQWDOPRGHOV 6R IRU D FRPPRQ V\VWHPV SHUVSHFWLYH WKHVH
GLIIHUHQWSHUVSHFWLYHVDQGPRGHOVQHHGWREHFRRUGLQDWHG
7KHDLPRIWKLVSDSHULVWRSUREOHPDWL]HDQGHOXFLGDWHVRPHRI
WKH FUXFLDO DVSHFWV RI XVLQJ WKHRULHV RI ERXQGDU\ REMHFWV
WRJHWKHUZLWKPRGHOLQJDQGYLVXDOL]DWLRQSULQFLSOHVWRPDQDJH
DQGFRRUGLQDWHGLIIHUHQWSHUVSHFWLYHV >@7KH WHUPERXQGDU\
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REMHFWUHIHUVWRDQREMHFWWKDWVHUYHVDVDQLQWHUIDFHRUFURVVLQJ
SRLQWEHWZHHQGLIIHUHQWVRFLDOZRUOGV>@
2XU K\SRWKHVLV LV WKDW ZH FDQ XVH D GLJLWDO IDFWRU\ DV D
FRPPRQ ERXQGDU\ REMHFW WR VXSSRUW LQWHUGLVFLSOLQDU\
FRPPXQLFDWLRQ DQG V\VWHPV WKLQNLQJ ZKHQ GHYHORSLQJ
SURGXFWLRQV\VWHPV
7KH VWXG\ LV EDVHGRQ UHVHDUFK LQ3URGXFWLRQ(QJLQHHULQJ
DQG,QIRUPDWLRQ'HVLJQLQFOXGLQJSULQFLSOHVDQGPHWKRGVIURP
&RPSXWHU 6FLHQFH DQG 6RFLDO 6FLHQFH IRU FRRUGLQDWLQJ ODUJH
YROXPHV RI LQIRUPDWLRQ 3ULQFLSOHV IURP ,QIRUPDWLRQ'HVLJQ
ZLWK IRFXVRQYLVXDOFRPPXQLFDWLRQ>@DQG WKHRULHV LQ
UHJDUG WR ERXQGDU\ REMHFWV > @ DUH XVHG WR FODULI\ KRZ WR
UHSUHVHQW DQG FRPPXQLFDWH WKH LQWHUGHSHQGHQFLHV EHWZHHQ
GLIIHUHQW OHYHOV RI D SURGXFWLRQ V\VWHP LQ D GLJLWDO IDFWRU\
FRQWH[W  :RUOGV LQ WKLV FRQFHSW DUH WR EH XQGHUVWRRG DV
GLIIHUHQW SUDFWLFHV FXOWXUHV RU NQRZOHGJH GRPDLQV
9LVXDOL]DWLRQVRIIXWXUHVWDJHVLQIDFWRU\SODQQLQJFDQZRUNDV
ERXQGDU\ REMHFWV EHWZHHQ GLIIHUHQW VWDNHKROGHUV WKDW KDYH
YDULRXVSUHNQRZOHGJHDQGH[SHULHQFH
9LVXDOL]DWLRQ IRU LQIRUPDWLRQ DQG NQRZOHGJH WUDQVIHU KDV
ORQJEHHQDQLQWHJUDOSDUWRIVLPXODWLRQEDVHGDQDO\VLV>@6WLOO
WKHUH LV D ODFN RI LQWHUIDFHV WKDW IXOO\ PDWFK WKH QHHGV DQG
H[SORLWWKHSRWHQWLDORIXVLQJYLVXDOVLQLQGXVWU\)RUH[DPSOH
WKRXJK VRPH YHQGRUV SURYLGH ' YLVXDOL]DWLRQV RI KRZ
SURGXFWVPRYHWKURXJKDIDFWRU\WKLVLVDTXDOLW\WKDWLVVHOGRP
DVNHGIRUE\HLWKHUSURGXFWLRQHQJLQHHUVRUPDQDJHUV$EHWWHU
ZD\ RI YLVXDOL]LQJ ERWWOHQHFNV XWLOL]DWLRQ RI UHVRXUFHV DQG
EXIIHUVFRXOGKHOSPDNLQJGHFLVLRQVFRQFHUQLQJUHSODQQLQJRU
PDFKLQH LQYHVWPHQWV )XUWKHU WKHUH LV D JURZLQJ QHHG WR
YLVXDOL]HNQRZOHGJHDERXWWKHEHKDYLRXURIWKHV\VWHP7\SLFDO
H[DPSOHV DUH GHWHFWLRQ DQG PRQLWRULQJ RI WUDQVLHQW




ZKLFK PHDQV WKDW DQ XQGHUVWDQGLQJ RI VSDFH LV UHTXLUHG
/D\RXWVDUHLGHDOO\FDUHIXOO\UHSUHVHQWHGLQPRGHOVZKLFKPDNH
WKHVSDWLDO UHODWLRQVVXFKDVGLVWDQFHVL]HDQGYROXPHMXVWLFH
>@ )URP GHVLJQ UHVHDUFK SURGXFW GHVLJQ EXLOG GHVLJQ DQG
VSDWLDO GHVLJQ WKHUH DUH FRQWULEXWLRQV IRU LGHQWLI\LQJZKDW LV
HVVHQWLDOLQGHVLJQSURFHVVFRQVLGHULQJFRPPXQLFDWLRQZLWKLQ
WKH GHVLJQ WHDP DQG IRU FRPPXQLFDWLRQ ZLWK GLIIHUHQW
VWDNHKROGHUV>@%DVHGRQWKLVNQRZOHGJHZRUNLQSURJUHVV
RI GHYHORSLQJ D GLJLWDO IDFWRU\ IUDPHZRUN XVLQJ WKH GLJLWDO
IDFWRU\DVDERXQGDU\REMHFWLVSUHVHQWHG
7KH IUDPHZRUN FRPSULVHV SULQFLSOHV IRU GHVLJQLQJ WKH
GLJLWDO IDFWRU\ DV ZHOO DV PHWKRGV IRU XVLQJ LW WR VXSSRUW
LQWHUGLVFLSOLQDU\FRPPXQLFDWLRQDQGV\VWHPVWKLQNLQJ
7KHGLJLWDOIDFWRU\FRPSULVHVVHYHUDOPRGHOVZLWKGLIIHUHQW
SXUSRVHV SHUVSHFWLYHV DQG OHYHOV RI GHWDLO RI D SURGXFWLRQ
V\VWHP7KHGRPDLQV RISURFHVVSODQQLQJ DQG IDFWRU\GHVLJQ
ZLWKLQPDFKLQLQJDQGDVVHPEO\DUHFRYHUHG,QWHUGHSHQGHQFLHV
EHWZHHQ DQG FKDOOHQJHV ZLWKLQ LQGLYLGXDO GRPDLQV DUH
FDSWXUHG E\ GHVFULELQJ WKH GHVLJQ SURFHVV DQG KRZ NH\
SURSHUWLHV RI DOWHUQDWLYH VROXWLRQV DUH HYDOXDWHG ZLWKLQ HDFK
GRPDLQDVZHOODVVLPXODWLQJKRZFKDQJHVLQWKHSUHUHTXLVLWHV












,Q FRPSXWHU VFLHQFH WKH IRFXV LV RQ PRGHOLQJ DQG
FRPPXQLFDWLRQ RI GLJLWDOL]HG LQIRUPDWLRQ ZKHUHDV YLVXDO
FRPPXQLFDWLRQ LV IRFXVHG RQ WKH FRPPXQLFDWLRQ RI
LQIRUPDWLRQWRDQGEHWZHHQKXPDQV
2.1.  Visual communication 
3UHYLRXV UHVHDUFK WKDW RXWOLQHG WKHRULHV UHJDUGLQJ
YLVXDOL]DWLRQDQGKRZKXPDQEHLQJVSHUFHLYHYLVXDOVDQGWKH
DELOLW\WRXVHWKHPLVVWLOOIXQGDPHQWDOIRUWKHGLVFXVVLRQDERXW
GLJLWDO IDFWRU\ *UDSKLF GHVLJQ UHVHDUFK LV PDLQO\ EDVHG RQ
UHVHDUFKLQDQGWKHRULHVWKDWJRHVEDFNWR*HVWDOWWKHRULHVVXFK
DV .XUW .RIIND 3ULQFLSOHV RI *HVWDOW 3V\FKRORJ\ >@ DQG
VFKRODUV IRFXVLQJ RQ WKH UHODWLRQ EHWZHHQ YLVXDO





Engineering and the Mind´s Eye>@DQG.DWKU\Q+HQGHUVRQ
ZLWK On Line on Paper, Visual Representations, Visual 
Culture, and Computer Graphics in Design Engineering>@
:KLOH)HUJXVRQSLFNVH[DPSOHVIURPKLVWRU\RQKRZHQJLQHHUV
KDYH SUHIHUUHG WKH XVH RI GUDZLQJV IRU FRPPXQLFDWLRQ
+HQGHUVRQKDVVWXGLHGHQJLQHHUVLQWKHLUSUDFWLFH,QWKHILHOG
RI HQJLQHHULQJ GHVLJQ VRPH VWXGLHV KDYH LQGLFDWHG KRZ
V\VWHPDWLF XVH RI YLVXDOV FDQ VXSSRUW GHVLJQ WKLQNLQJ DQG
IDFLOLWDWH WKHFRPPXQLFDWLRQZLWKLQ WKH WHDP >@+RZHYHU
WKHUHLVDODFNRIPRUHUHFHQWUHVHDUFKEDVHGRQYLVXDOWKHRULHV
UHODWHG WR HQJLQHHULQJ RU PDQXIDFWXULQJ LQGXVWU\ ,Q DQ
LQIRUPDWLRQ OLIHF\FOH YDULRXV NLQGVRIYLVXDO UHSUHVHQWDWLRQV
DUHLPSRUWDQWIRUFRPPXQLFDWLRQRQGLIIHUHQWOHYHOVZLWKLQDQ
RUJDQL]DWLRQRUEHWZHHQRUJDQL]DWLRQV,WLQIOXHQFHVLQGLYLGXDO
WKLQNLQJ FRPPXQLFDWLRQ LQ WKH GHVLJQ SURFHVV DQG WKH
GHFLVLRQVRQGLIIHUHQWOHYHOV:KHQGHVLJQSURFHVVHVPHWKRGV
DQG WRROV FKDQJH WKH PHDQLQJ DQG UROH RI FRQYHQWLRQDO
UHSUHVHQWDWLRQVRILQIRUPDWLRQPD\FKDQJHFUHDWLQJDQHHGIRU
QHZIRUPVRIUHSUHVHQWDWLRQV>@1HZPHWKRGVSURFHGXUHV
DQG FRPSXWHU WRROV UHTXLUH GHVLJQHUV WR UHSUHVHQW GHVLJQ
LQIRUPDWLRQGLIIHUHQWO\DQGDOVRWRWKLQNDERXWROGSUREOHPVLQ
QHZZD\V
2.2.  Information architectures and management 
7KHVWUXFWXULQJDQGGHFRPSRVLWLRQRIFRPSOH[LQIRUPDWLRQ
KDV ORQJ EHHQ DQ LVVXH LQ FRPSXWHU VFLHQFH 7KH GHVLJQ
SULQFLSOH´ 6HSDUDWLRQRIFRQFHUQV´6R&>@ZDVILUVWSUHVHQWHG
LQDVDSULQFLSOHIRUVHSDUDWLQJDFRPSXWHUSURJUDPLQWR
GLVWLQFW VHFWLRQV VXFK WKDW HDFK VHFWLRQ DGGUHVVHV D VHSDUDWH




VLPSOLILHG LQ VRPH VHQVH 7KH PRGHO KDV D SXUSRVH RI
DQVZHULQJ TXHVWLRQV FRQFHUQLQJ FHUWDLQ DVSHFWV DSSHDUDQFH
EHKDYLRU GHFRPSRVLWLRQ HWF RI WKH HQWLW\ ZKLFK LV EHLQJ





FRXOG EH D FRPELQDWLRQ RI YDULRXV GLVWULEXWHG PRGHO




DOO SDUW PRGHOV PD\ EH LQFRQVLVWHQW >@ 7KH FRQFHSWV RI
µYLHZV¶ DQG µFRQWH[WV¶ KDYH EHHQ XVHG IUHTXHQWO\ WR GHILQH
ZD\VRIDEVWUDFWLQJDZD\XQGHUO\LQJGDWDPRGHOFRPSOH[LWLHV
DQGSURYLGHDWDLORUHGZD\RIDFFHVVLQJWKHGDWDHJWRHQDEOH
YDULRXV SHUVSHFWLYHV RI D FRPPRQ SURGXFW 7KHVH FRQWH[WV
VKRXOG EH HDVLO\ FRQILJXUDEOH WR PHHW WKH VSHFLILF XVHU
UHTXLUHPHQWV'DWDEDVH YLHZV DUH WKH LQLWLDO DSSURDFK DOEHLW
OLPLWHGWRUHODWLRQDOGDWDEDVHV7KHVHDUHVWRUHGTXHULHVZKLFK
HJFDQSHUIRUPMRLQLQJSURFHVVHVDSSO\DJJUHJDWHIXQFWLRQV
DQG KLGH FROXPQV 62,(&   7KH ,62 
67(3VWDQGDUGSURYLGHVLQSDUW*HQHULFGDWDPRGHOV,62
DQDSSOLFDWLRQFRQWH[WVFKHPDZKLFKDOORZV
VSHFLILFDWLRQ RI DQ DSSOLFDWLRQ GRPDLQ SURGXFW GRPDLQ DQG
OLIHF\FOH VWDJH WR DLG LQ WKH LQWHUSUHWDWLRQ RI WKH PRGHO
+RZHYHU67(3GRHVQRWSURYLGHPHFKDQLVPVIRUGHILQLQJWKH
FRQWH[WVIURPDVHPDQWLFEXVLQHVVSRLQWRIYLHZ$VDZD\WR
FRPELQH JHQHULF LQIRUPDWLRQ VWDQGDUGV ZLWK FRQWH[WXDO
VHPDQWLFV.MHOOEHUJ>@SUHVHQWHGDPDFKLQHWRROPRGHOZLWK
VHYHUDO GLIIHUHQW YLHZV RI D PDFKLQH WRRO IRU GLIIHUHQW
SXUSRVHV UHSUHVHQWHG XVLQJ WKH 67(3 VWDQGDUG PDSSHG WR
FRQFHSWRQWRORJ\
&RPPHUFLDO3/0V\VWHPVXVHFRQWH[WVWRVSHFLI\WKHGHWDLOV




2.3.   Boundary objects 
6WDU DQG KHU FROOHJH -DPHV 5 *ULHVHPHU >@ VKDSHG WKH





REMHFW LV ZHDNO\ VWUXFWXUHG LQ FRPPRQ XVH DQG EHFRPHV D
VWURQJO\ VWUXFWXUHGREMHFWRU HQWLW\ LQ LQGLYLGXDOVLWHXVH >@
&RQVHTXHQWO\DERXQGDU\KDVLWVYDULRXVPHDQLQJVWRSHRSOH
HPSOR\LQJ WKHP IURP GLIIHUHQW SURIHVVLRQDUHDV 6WLOO WKH
VWUXFWXUHLVFRPPRQHQRXJKWRPDNHWKHPGHWHFWDEOHDVPHDQV
RIWUDQVODWLRQ7KHYDOXHLVWKDWDERXQGDU\REMHFWFDQIDFLOLWDWH
FRPPXQLFDWLRQ DQG PXWXDO OHDUQLQJ ZKHQ SHRSOH IURP
GLIIHUHQW VSKHUHVRUZLWKGLIIHUHQWKRUL]RQVRIXQGHUVWDQGLQJ
DUHVROYLQJWDVNV>@
6WDU VXJJHVWHG WKDW ERXQGDU\ REMHFWV DUH VLPXOWDQHRXVO\
FRQFUHWH DQG DEVWUDFW VSHFLILF DQGJHQHUDO FRQYHQWLRQDOL]HG
DQG FXVWRPL]HG DQG VXJJHVWHG IRXU W\SHV RI REMHFWV
UHSRVLWRU\LGHDOW\SHFRLQFLGHQWERXQGDULHVDQGVWDQGDUGL]HG
IRUPV ,Q RXU SDUWLFXODU FDVH WKH YLVXDOL]DWLRQV DQG WKH
LQVWUXFWLRQ WH[WV LQ GHYHORSPHQW LQ WKH GLJLWDO IDFWRU\
GHPRQVWUDWRU FRXOG EH FODVVLILHG DV HQWLWLHV FRQWDLQLQJ ERWK
FRLQFLGHQW ERXQGDULHV DQG VWDQGDUGL]HG IRUPV 7KDW PHDQV
SDUWV RI WKH GHPRQVWUDWRU FRXOG ZRUN DV D SODWIRUP IRU
FRPPXQLFDWLRQPRUHRUOHVVDGKRFLQDVLWXDWLRQZKLOHRWKHUV
DUHPRUHFRQVLVWHQWO\XVHG
%RXQGDU\ REMHFWV IDFLOLWDWH FRPPXQLFDWLRQ EHWZHHQ
GLIIHUHQW VWDNHKROGHUV &RPPXQLFDWLRQ LV QRW VWDWLF LW LV
G\QDPLFDQGDFFRUGLQJWR0HUWHQ>@FRPPXQLFDWLRQDFWVLQ
WKUHHIXQGDPHQWDOGLPHQVLRQV)LUVWtemporalFRPPXQLFDWLRQ
SURFHVVHV GLUHFWO\ LPSDFW WKHPVHOYHV 6HFRQGO\ factual 
FRPPXQLFDWLRQSURFHVVHVUHTXLUHIDFWXDOVWDWHPHQWVEXWDOVR
UHTXLUH PHWDVWDWHPHQWV WR PDNH FRPPXQLFDWLRQ
XQGHUVWDQGDEOH DQG WDUJHWHG 7KLUGO\ social FRPPXQLFDWLRQ
SURFHVVHV DUH RULHQWDWHG WRZDUGV RWKHUV +HUH ZH FRQVLGHU
FXOWXUH DV VRPHWKLQJ WKDW FRXOGEH UHODWHG WR HYHU\JURXSRI




SRLQW DW GLIIHUHQW SDUWV LW LV PDGH VXUH WKDW HYHU\RQH





IDFWRU\ IRU PRGHO EDVHG GHYHORSPHQW RI D QHZ IDFWRU\ IRU
PDQXIDFWXULQJDQHZW\SHRIYHKLFOHFDOOHG5&9)LJ7KH
5&9LVDOLJKWZHLJKWGHVLJQZLWKDFDUERQILEUHVDQGZLFKEDVH









\HDU LI QHFHVVDU\ 7ZR PDLQ PRGHOV ZLWK GLIIHUHQW
YROXPHVDUHSODQQHGIRUDWZRVHDWHUDQGDIRXUVHDWHUZLWKWKH
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PDLQ YDULDWLRQ EHLQJ WKH OHQJWK RI WKH EDVH SODWH DQG WKH
QXPEHURIVHDWV,QRXUFDVHZHKDYHGLYLGHGWKHSURGXFWLRQ
LQWR WKUHHIDFWRULHV WKHPDQXIDFWXULQJRI WKHFRPSRVLWHEDVH
SODWHWKHPDFKLQLQJRIWKHZKHHOVXVSHQVLRQXSULJKWFHQWUDO





7KH WKUHH PDLQ GRPDLQV LQ IRFXV DUH VLPSO\ GHVFULEHG
SODQQLQJWKHSURFHVVHVZKLFKDGGVYDOXHWRWKHSURGXFWDQG
DUHGHSHQGHQWRQWKHSURGXFWIHDWXUHVDQGGHFRPSRVLWLRQDVLQ
DVVHPEO\ FHOO GHVLJQ RU PDFKLQLQJ SURFHVV SODQQLQJ
PDWHULDOIORZGHVLJQ±SODQQLQJWKHIORZRIPDWHULDOEHWZHHQ
WKHSURFHVVHVPDLQO\ EDVHGRQYDU\LQJSURGXFW YROXPHV DQG
F\FOH WLPHV RI WKH SURFHVVHV DQG  IDFWRU\ OD\RXW GHVLJQ ±
GHVLJQLQJWKHOD\RXWIRUHIILFLHQWXWLOL]DWLRQRIVSDFHPDNLQJ
VXUH WKDW PDFKLQHV HTXLSPHQW DQG SURGXFWV ILW VSDWLDOO\
DFFRUGLQJWRUHJXODWLRQVDQGWKHSODQQHGIORZ7RGHVFULEHWKH
V\VWHP D GLJLWDO IDFWRU\ LV GHYHORSHG ZLWK PRGHOV RI WKH
IDFWRU\ SURFHVVHV HTXLSPHQW DQG OD\RXWV  ,Q WKLV GLJLWDO
IDFWRU\ YLUWXDO PDQXIDFWXULQJ LV SHUIRUPHG LQ WHUPV RI 
VLPXODWLRQRI WKHPDFKLQLQJSURFHVVHV IRUPDQXIDFWXULQJ WKH




DQG OHDG WLPH DUH KLJK 7RJHWKHU ZLWK LQGXVWULDO SDUWQHUV
DFWLYHO\ ZRUNLQJ LQ WKLV FRQWH[W WKH IROORZLQJ LQGXVWULDO
FKDOOHQJHVZHUHVHOHFWHG
 $ELOLW\WRDGKHUHWRHUJRQRPLFVDQGVDIHW\UHJXODWLRQVLQ




IRU H[DPSOH EDODQFLQJ WKH UHTXLUHG VSDFH IRU LQWHUQDO
EXIIHUVZLWKWKHIUHTXHQF\RIVXSSO\LQJPDWHULDO
 $ELOLW\WRFRPSDUHSURFHVVSODQQLQJFRQFHSWVFRQVLGHULQJ
FRVW TXDOLW\ DQG SURGXFWLYLW\ ERWK IURP WKH LQWHUQDO
PDFKLQH SURFHVVLQJ SHUVSHFWLYH DQG LQ D ZLGHU IDFWRU\
VFRSH
 $ELOLW\WRDGMXVWWRIOXFWXDWLRQVLQWKHGHPDQGRIYROXPHV
IRUGLIIHUHQW SURGXFWYDULDQWV LQ D IDFWRU\± IRU H[DPSOH
DGDSWLQJWRFKDQJHGPDUNHWGHPDQGVFRQFHUQLQJVHDWHG
YHUVXVVHDWHG5&9V





DQ XQH[SHFWHG FKDQJH LQ GHPDQGHG SURGXFW YROXPHV DQG
YDULDQWVLVLQWURGXFHG7KHPDWHULDOIORZZLWKWKHQHZYROXPHV
LVVLPXODWHGOHDGLQJWRWKHLQVLJKWWKDWWKHQHZIORZZLOOQRW
EH IHDVLEOH ZLWK H[LVWLQJ SURFHVVHV ,W LV GHWHUPLQHG WKDW D
FKDQJHLVUHTXLUHGWRORZHUWKHF\FOHWLPHVZKLFKLQWXUQZLOO
UHTXLUHUHGHVLJQRIRUGLIIHUHQWDOORFDWLRQRIUHVRXUFHVWRWKH
DVVHPEO\ SURHVVHV 7KH QHZ YROXPHV DOVR DIIHFW WKH
PDQXIDFWXULQJRIWKHXSULJKWZLWKFRQVLGHUDWLRQVFRQFHUQLQJ




LV WKURXJK D VLPSOLILHG GHVFULSWLRQ RI KRZ DQ H[SHUW LQ WKH
GRPDLQZRUNV([SHUWVNQRZZKDWIXQFWLRQVDQGSURSHUWLHVWR
IRFXVRQZKDWVWHSVWRWDNHDQGZKDWLPSRUWDQWFRQVWUDLQWVWR
FRQVLGHU $Q H[DPSOH IURP FRQFHSWXDO IDFWRU\ GHVLJQ LV
VWDUWLQJE\GHWHUPLQLQJWKHW\SHVRIDQGVHTXHQFHRISURFHVVHV
WKHQPDNLQJDURXJKHVWLPDWHRIUHTXLUHGUHVRXUFHVDQGVSDFH




4.1. Visuals supporting factory planning 
7KHFRUHFRPSHWHQFHLQIDFWRU\SODQQLQJLVRIWHQPRUHRU







7KHYLVXDO UHSUHVHQWDWLRQV LQ )LJ  DQG DUH SDUW RI WKH
GHPRQVWUDWRU VKRZLQJ WZR YLWDO VWHSV LQ WKH IDFWRU\ OD\RXW
SODQQLQJSURFHVV ,QJHQHUDO WKH\FRXOGEHDSSOLFDEOH WR WKH
OD\RXW RI DOO RI WKH SURGXFWLRQ IDFWRULHV 7KH YLVXDOV DUH
GHYHORSHGWREHDEOHWRUHIOHFWWKHIDFWRU\SODQQHUVH[SHULHQFH
NQRZOHGJHEXWDUHDWWKHVDPHWLPHGHYHORSHGZLWKUHJDUGWR
WKH LQWHUSUHWDWLRQ SRWHQWLDO ZKHQ XVHG LQ PXOWLGLVFLSOLQDU\
WHDPV7KHYLVXDOLQ)LJURXJKO\VKRZVHVWLPDWHGDUHDVIRU
WKH SODQQHG SURFHVVHV DQG WKH IORZ IURP UDZ PDWHULDO WR
GHOLYHU\,QWKHQH[WVWHS)LJWKHSRVLWLRQVRIWKHPDFKLQHU\
DUHRXWOLQHG7KHPDFKLQHVDUHORJLFDOO\JURXSHGLQUHJDUGWR
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VDIHW\DQGIORZDQGWKHDUHDWKDWVXUURXQGVWKHPLQFOXGHVVSDFH
IRUWKHZRUNHUVDQGPDLQWHQDQFHSHUVRQQHOWRPRYHDQGZRUN
7KH VSDFHV DUH HUJRQRPLFDOO\ UHDVRQDEOH IRU WKH SODQQHG
SURFHVVHV )XUWKHUPRUH WKH SURFHVV W\SHV DUH DOVR VHSDUDWHG





4.2. The demonstrator as a boundary object 
7KLVXVHFDVH LVGHYHORSHGIRU WKHSXUSRVHRISURYLGLQJD
JHQHUDO ERXQGDU\ REMHFW WR VXSSRUW FURVVIXQFWLRQDO
FROODERUDWLRQ,WLVDGHPRQVWUDWRUWKDWLVFUHDWHGZLWKUHJDUGV
WRWKHPXOWLPRGDOSURFHVVHVLQYROYHGLQLQWHUSUHWDWLRQDQGXVH
RI LQWHUDFWLYH LQWHUIDFHV DQG WKH GHVLJQ RI DOO LWV SDUWV DQG
VWUXFWXUHV
2QHDVVXPSWLRQLVWKDWEHWWHUGHFLVLRQVDUHPDGHWKURXJKDQ
XQGHUVWDQGLQJ RI WKH V\VWHP WKH NH\ TXDOLWLHV ZLWKLQ HDFK
IXQFWLRQGRPDLQ DQGKRZ FKRLFHVPDGH LQ RQHGRPDLQZLOO
DIIHFWRWKHUV$K\SRWKHVLVLVDOVRWKDWVKDULQJNH\LVVXHVDQG
VROXWLRQV EHWZHHQ GRPDLQV FDWHU IRU DSSO\LQJ LGHDV IURP
DQRWKHUDUHDRIH[SHUWLVHWRRQHVRZQFRQWH[WWKXVVXSSRUWLQJ
LQQRYDWLRQ7KHGHPRQVWUDWRUZLOODOORZWKHDELOLW\WRYLVXDOL]H
GLIIHUHQW VWDJHV IURP FRQFHSWXDO SURFHVV SODQQLQJ WR




WKH GHPRQVWUDWRU DLPV WR JLYH DQ H[DPSOH RI KRZ D GLJLWDO
IDFWRU\ FDQ ZRUN DV D ERXQGDU\ REMHFW IRU GLIIHUHQW
VWDNHKROGHUV LWV GHVLJQ LV VLPSOLILHG DQG IRFXV RQ VHOHFWHG
SURSHUWLHV 6WLOO WKH VWUXFWXUH LV JHQHUDO HQRXJK WRPDNH WKH
GLIIHUHQW VWDJHV GHWHFWDEOH DV PHDQV IRU WUDQVODWLRQ LQWR WKH
DFWXDOVLWXDWLRQ7KDWFRXOGEHH[SODLQHGE\WKHIDFWWKDWYLVXDOV
DUHDWWKHVDPHWLPHFRQFUHWHDQGDEVWUDFW
$V LQ WKH H[DPSOH DERYH WKH EORFN OD\RXW ZRUNV DV D
ERXQGDU\ REMHFW IRU VWDNHKROGHUV LQ SURFHVV SODQQLQJ DQG
IDFWRU\OD\RXW ,W LVDEVWUDFWGXHWRWKHODFNRIGHWDLO LQERWK









FDVH WKDW LV RSHQO\ DFFHVVLEOH DQG FDQ EH XVHG E\ GLIIHUHQW
FRPSDQLHV,WDOVRVLPSOLILHVGHVLJQRIWKHPRGHOVWRIRFXVRQ
VHOHFWHG DVSHFWV ZKLOH DEVWUDFWLQJ DZD\ RWKHUV 6WLOO RQH
FKDOOHQJH LV WR DYRLG PDNLQJ D WR\ EXW WR PDNH WKH
GHPRQVWUDWRU DQG GLJLWDO IDFWRU\ LQGXVWULDOO\ YDOLG UHIOHFWLQJ
NH\ LQGXVWULDO LVVXHVZLWKLQ HDFK GLVFLSOLQHIXQFWLRQGRPDLQ
:HDOVRDVVXPHWKDWOHDUQLQJLVLPSURYHGZKHQLQWHUHVWLQJDQG
LQGXVWULDOO\YDOLGFKDOOHQJHVDUHLQIRFXV
7KH PHWKRG RI WKH GHPRQVWUDWRU LV WR  'HVFULEH



























7KH LGHD EHKLQG WKH OD\RXW GHVLJQ YLVXDOV DUH WKDW
SURSRUWLRQV DQG QHHG RI DFWXDO VSDFH FDQ EH GLVFXVVHG IURP
TXLWHVLPSOHRXWOLQHVNHWFKHVZLWKRXWWKHXVHRI'LQHDUO\
SKDVHVRIDSODQQLQJSURFHVV'UHSUHVHQWDWLRQVLQWKLVVWDJH
RI DSURFHVVFRXOGEHERWK WLPHFRQVXPLQJDQG WKHUHIRUHDQ
H[SHQVLYH DFWLYLW\ EXWPRUH LPSRUWDQW DOVRPLVOHDGLQJ 7KH
KLJK LFRQLFLW\ RI WKH ' UHSUHVHQWDWLRQV LV RIWHQ IRROLQJ WKH
LQWHUSUHWHU WR WKLQN WKDW DOO GHWDLOV DUH SODQQHG DQG VROLGO\
HODERUDWHG DQG WKRXJKW WKURXJK 7KHUHIRUH WKDW W\SH RI
UHSUHVHQWDWLRQ LV PRUH XVHIXO LQ ODWHU SKDVHV RI SODQQLQJ
SURFHVVHVDQGDKLJKHUOHYHORIDEVWUDFWLRQLVWRSUHIHULQHDUO\
VWDJHV RI IDFWRU\ OD\RXW SODQQLQJ %XW VLQFH D KLJK OHYHO RI







D GLJLWDO IDFWRU\ DV DERXQGDU\REMHFW WR FRRUGLQDWHPXOWLSOH
GLVFLSOLQHV LQ IDFWRU\GHVLJQ7KHGHYHORSPHQWRI WKHGLJLWDO
IDFWRU\ IUDPHZRUN LV EDVHG RQ WKHRULHV WKDW JR EDFN WR WKH
VLQFRPSXWHUVFLHQFHDQGYLVXDOVWXGLHV7KHFRQWULEXWLRQ
ZDV WR FRPELQH WKHVH WKHRULHV ZLWK LGHDV DERXW ERXQGDU\






DQG IDFWRU\ OHYHO SHUVSHFWLYH LQ RUGHU WRPDNHPRUH KROLVWLF
GHFLVLRQV ZKHQ LQYHVWLQJ LQ QHZ HTXLSPHQW 9LVXDOL]LQJ
SRVVLEOH IDFWRU\ OD\RXWV FRUUHVSRQGLQJ WR DSURFHVVSODQQLQJ
FRQFHSW SURYLGHG DQ XQGHUVWDQGLQJ RI KRZ GLIIHUHQW F\FOH
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ZKLFK DUH XVXDOO\ XVHG IRU GHFLVLRQV FRQFHUQLQJ QHZ
LQYHVWPHQWV
:H DOVR ZDQWHG WR WHVW LI LW ZDV SRVVLEOH WR SURPRWH
LQWHUGLVFLSOLQDU\ FRPPXQLFDWLRQ WKURXJK WKH GLJLWDO IDFWRU\
DQGWRSURPRWHDSSO\LQJLGHDVIURPRQHGRPDLQWRDQRWKHUWR
VXSSRUW LQQRYDWLRQ6RIDU WKLV LGHDKDVQRWEHHQSRVVLEOH WR
YHULI\EXWRQWKHRSSRVLWHLWVHHPVWKDWWKHUHLVDQLQLWLDOODFN
RILQWHUHVWRIHQJDJLQJLQWKHGHWDLOVRIRWKHUGLVFLSOLQHV




EH UHODWHG WR PRUH GHWDLOHG PRGHOV ZLWKLQ HDFK LI WKHVH
GRPDLQV ,W ZDV IUXLWIXO WR FRPSDUH YLVXDO FRPPXQLFDWLRQ
LQIRUPDWLRQ PDQDJHPHQW DQG ERXQGDU\ REMHFW WKHRU\ VLQFH




UHSUHVHQWDWLRQV ZKHUH LQWHUIDFHV EHWZHHQ REMHFWV UHSUHVHQW
FRPPRQFRQFHSWVZKLOHREMHFWVLQWHUQDOO\KDYHDGHHSHUOHYHO
RI GHWDLO 7KXV D ERXQGDU\ REMHFW UHSUHVHQWV DQ DEVWUDFW
LQWHUIDFHZKLFKLVGHVLJQHGWRDFFHVVPRUHFRQFUHWHLQWHUQDOV
HLWKHU WKH LQWHUIDFH LV UHSUHVHQWHG DV YLVXDOV LQWHUSUHWHG E\
KXPDQVRULQWHUIDFHVLQWHUSUHWHGE\FRPSXWHUV\VWHPV:HVHH
WKLV DV D SURPLVLQJ FRQWULEXWLRQ WRZDUGV D WKHRU\ RI
LQIRUPDWLRQ PDQDJHPHQW ZKLFK JHQHUDOL]HV DQG FRPELQHV






WKH SXUSRVH RI FRPPXQLFDWLRQ LQ SURGXFWLRQ V\VWHP
GHYHORSPHQW )XUWKHU VWXGLHV ZKLFK DQDO\]H DQG VSHFLI\ WKH
H[DFWLQIRUPDWLRQFRQWHQWVDQGPHDQVRIYLVXDOL]DWLRQRIHDFK
VWDJHQHHGV WR EHSHUIRUPHG 7KHVH VWXGLHV VKRXOG FRYHU WR
ZKDWH[WHQWWKHYLVXDOVIRUFRPPXQLFDWLRQEHWZHHQGLVFLSOLQHV











WR FRRUGLQDWH RXU GLIIHUHQW SHUVSHFWLYHV IURP WKH VRFLDO
SURGXFWLRQ HQJLQHHULQJ DQG FRPSXWHU VFLHQFH UHVHDUFK
GLVFLSOLQHV
$FNQRZOHGJHPHQWV
:HZRXOG OLNH WR WKDQN RXU ILQDQFLQJ RUJDQL]DWLRQVZKR
PDGHWKLVUHVHDUFKSRVVLEOH9,1129$6,33URGXNWLRQ
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